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(54) Optical transmitter and wavelengtli multiplexing optical transmission apparatus using the 
same 



(57) In an optical transmitter, an oscillation wave- 
length of a semiconductor laser diode Is controlled so as 
to stabilize the oscillation wavelength, while neither for- 
ward project light, nor a beam splitter Is employed. The 
optical transmitter is arranged by employing: an optical 
waveguide path into which forward projection light of the 
semiconductor laser diode is entered; a wavelength fil- 
ter containing an oscillation wavelength of the semicon- 
ductor laser diode in a wavelength band where a 
transmission wavelength band is transferred to a reflec- 
tion wavelength band and vice versa, for causing a por- 
tion of backward projection light of the semiconductor 
laser diode to pass therethrough to output transmission 
light, and for reflecting the remaining light of the back- 
ward projection light to output reflection light; a first light 
receiving device for detecting a light level of the trans- 
mission light to output a transmission light level; a sec- 
ond light receiving device for detecting a light level of the 
reflection light to output a reflection light level; and a 
wavelength control circuit for controlling an oscillation 
wavelength of the semiconductor laser diode based 
upon both the transmission light level and the reflection 
light level. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention generally relates to an 
optical transmitter using a semiconductor laser diode as 
a light source. More specifically, the present invention is 
directed to both an optical transmitter having a function 
capable of monitoring an oscillation wavelength of a 
semiconductor laser diode so as to control the moni- 
tored_oscillation-wavelength_to_obtain,a_predetermined- 
wavelength, and a wavelength multiplexing optical 
transniission apparatus, 

2. Description of the Related Art 

[0002] Since the Internet is rapidly popularized, 
there have been increasing demands for extending 
transmission capacities. As a consequence, not only 
optical transmissions using a wavelength of a single 
semiconductor laser diode are utilized, but also wave- 
length multiplexing optical communications are gradu- 
ally introduced in which a plurality of semiconductor 
laser diodes are employed so that a plurality of wave- 
lengths are multiplexed in high density. 
[0003] The following is important In a wavelength 
multiplexing optical transmission. That is, while an oscil- 
lation wavelength of a semiconductor laser diode is 
monitored, the oscillation wavelength is controlled so as 
to be stabilized. As a means for stabilizing an oscillation 
wavelength of a semiconductor laser diode, for 
instance, one method is known by which a temperature 
thereof is kept constant so as to maintain the oscillation 
wavelength of the semiconductor laser diode at a con- 
stant wavelength. However, in such a case that a wave- 
length variation occurs due to the aging effect of the 
semiconductor laser diode, this conventional method 
can hardly suppress this wavelength variation. In addi- 
tion, in a wavelength multiplexing optical communication 
with high density, while an interval among oscillation 
wavelengths of semiconductor laser diodes Is nar- 
rowed, the wavelengths must be set with high precision. 
However, the wavelength control operation by the con- 
ventional method cannot satisfactorily set the wave- 
lengths with high precision. 

[0004] Under such a circumstance, generally 
speaking, as a control method capable of controlling an 
oscillation wavelength of a semiconductor laser diode in 
order not to produce a change In this oscillation wave- 
length, backward projection light of the semiconductor 
laser diode is detected by a photodetector, and a control 
operation Is carried out based upon the detected back- 
ward projection light in such a way that a laser light out- 
put from the semiconductor laser diode can be made 
constant. 

[0005] On the other hand, as an arrangement capa- 



ble of suppressing such a wavelength variation, a tem- 
perature of a semiconductor laser diode is controlled to 
be kept constant. As a typical temperature control 
arrangement, for instance, Japanese Patent Application 

5 Laid-open No. Hel 9-219554^discloses such a control 
arrangement that two optical filters whose transmission 
characteristics own the gradients opposite to each other 
are employed so as to adjust the temperature of the 
semiconductor laser diode, thereby controlling the oscil- 

10 lation wavelength of this semiconductor laser diode. 
' [0006] In this known control arrangement of the 
publication, the backward projection light of the seml- 

conductor-laser^diodeJs-subdividedJnto-two-beams-of 

projection light, transmission light and reflection light, by 

15 the beam splitter arranged at the post stage of this sem- 
iconductor laser diode. Both the transmission light and 
the reflection light are filtered by the wavelength filters 
having the transmission characteristics opposite to 
each other, and then the filtered transmission light and 

20 the filtered reflection light are detected by the light 
receiving devices. In response to the signals related to 
the light levels detected by the respective light receiving 
devices, both the light output (optical output) of the sem- 
iconductor laser diode and the oscillation wavelength 

25 thereof are controlled. 

[0007] In this control arrangement, the oscillation 
wavelength is controlled by changing the temperature of 
the semiconductor laser diode In such a manner that the 
shift In the oscillation wavelength is corrected based 

30 upon the output difference between the light levels 
detected by the respective light receiving devices. With 
employment of the above-explained control arrange- 
ment, the oscillation wavelength of the semiconductor 
laser diode may. If not satisfiable, be stabilized irrespec- 

35 tive of the aging effect of this semiconductor laser diode. 
[0008] However, there Is another problem that since 
the beam splitter is employed, the light is newly polar- 
ized. Also, the beam splitting ratio of the beam splitter 
itself is readily varied due to the temperature change, so 

40 that it is practically difficult to obtain such a beam splitter 
element capable of splitting a light beam, while keeping 
an Ideal predetermined ratio and a stable condition. Fur- 
thermore, it is practically difficult to realize wavelength 
filters whose transrifiission characteristics owns gradi- 

45 ents opposite to each other. 

. , [0009] Japanese Patent Application Laid-open No. 
Hel 10-209546 discloses the control arrangement in 
which the fonward projection light of the semiconductor 
laser diode is separated by the photocoupler without 

50 using such beam splitter, and the transmission light and 
the reflection light are detected by the photodetectors, 
respectively, by way of the interference filters. Then, the 
oscillation wavelength of the semiconductor laser diode 
is controlled based upon the difference in the light level 

55 detection amounts. 

[0010] Since the beam splitter is not employed, the 
problem caused by the employment of this beam splitter 
can be avoided: However, generally speaking, when a 
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wavelength filter Is inclined at an angle larger than, or 
equal to 5 degrees, a transmission level of this filter is 
varied. As a result, a light receiving device for receiving 
reflection light is required to be located at a position 
apart from this wavelength filter. As a consequence, 
when an optical module is arranged by employing the 
above-described arrangement, there is a drawback that 
a dimension of the resultant arrangement becomes 
large. Moreover, when such optical transmitter is 
applied to a wavelength multiplexing optical communi- 
cation, since fonward projection light must be splitted by 
a photocoupler, a beam splitting loss may occur. Also, 
when a total number of multiplexing wavelengths is 



increased, a larger space must be required, causing 
another problem of making the resulting optical trans- 
mission apparatus bulky 

SUIVIMARY OF T H^ INVENTION 

[001 1 ] An object of the present invention Is to pro- 
vide an optical transmitter and a wavelength multiplex- 
ing optical transmission apparatus using this optical 
transmitter, capable of controlling an oscillation wave- 
length of a semiconductor laser diode so as to stabilize 
the oscillation wavelength, while neither fonward projec- 
tion light, nor a beam splitter" is employed. • . '^ 
[0012] To achieve the object, an optical transmitter, 
according to the present invention, is featured by com- 
prising: a semiconductor laser diode; an optical 
waveguide path into which fonivard projection light of 
this semiconductor laser diode is entered; a wavelength 
■filter; and two light receiving devices, i.e, first and sec- 
ond light receiving devices. The wavelength filter owns a 
function of containing an oscillation wavelength of the 
semiconductor laser diode in a wavelength band where 
a transmission wavelength band is transferred to a 
reflection wavelength band and vice versa, of causing a 
portion of backward projection light of the semiconduc- 
tor laser diode to pass therethrough to output transmis- 
sion light, and also of reflecting the remaining light of the 
backward projection light to output reflection light. The 
first light receiving device detects a light level of the 
transmission light to output a transmission light level, 
and the second light receiving device detects a light 
level of the reflection light to output a reflection light 
leyel. 

[0013] The optical transmitter, according to the 
present invention, further comprises a wavelength con- 
trol circuit, and is characterized in that this wavelength 
control circuit controls an oscillation wavelength of the 
semiconductor laser diode based upon both the trans- 
mission light level and the reflection light level. In such a 
case that the oscillation wavelength of the semiconduc- 
tor laser diode is controlled to a predetermined wave- 
length "XL" and is desired to be kept thereto, for 
example, a wavelength filter having the following wave- 
length characteristic is selected. That is, when projec- 
tion light which passes through the wavelength filter and 



projection light which is reflected by the wavelength filter 
are outputted at the same ratios, the oscillation wave- 
length becomes "XL". In other words, the wavelength fil- 
ter owns a wavelength characteristic containing an 

5 oscillation wavelength of the semiconductor laser diode 
in a wavelength band where a transmission wavelerigth 

/ band Is transferred to a reflection wavelength band and 
vice versa. When the oscillation wavelength is shifted, 
the ratio of the transmission light of the wavelength filter 

10 to the reflection light thereof is changed. 

[0014] With employment of such wavelength filter, if 
the oscillation wavelength of the semiconductor laser 
diode is shifted from the ta rg et wavelen gth of "XO"..then^ 



the light level of the transmission light (will be referred to 

15 as a "transmission light level" hereinafter) is increased 
in accordance with the shifted wavelength component. 
At the same time, the light level of the reflection light 
(will be referred to as a "reflection light level" hereinaf- 
ter) is decreased. As a consequence, the shift in the 

20 wavelengths can be predicted based on the relationship 
between the transmission light level and the reflection 
light level, and then the wavelength can be controlled in 
such a manner that the oscillation wavelength is shifted 
along the reverse direction in connection with this wave- 

25 length variation amount. 

[0015] The wavelength characteristic of the wave- 
length filter may be preferably set as follows: That is, 
when the oscillation wavelength of the semiconductor 
laser diode is equal to a desired wavelength, the light 

30 amount of the laser light reflected by the wavelength fil- 
ter is substantially equal to the light amount of the laser 
light passing through this wavelength filter. This is 
because the sensitivity with respect to the wavelength 
variation is increased. The present invention is not lim- 

35 ited to this method, but may be applied to other niethods 
for controlling the oscillation wavelength based upon the 
relationship between the transmission light level and the 
reflection light level. Specifically, there are a wavelength 
control method in which a ratio of both the transmis- 

40 sion/reflection light levels is calculated, and this calcu- 
lated ratio is controlled to be equal to a predetermined 
reference ratio, and a wavelength control method in 
which a difference between the transmission/reflection 
light levels is calculated, and this calculated difference 

45 is controlled to be equal to a predetermined reference 
value. As a concrete wavelength control, method, for 
example, a semiconductor laser diode is arranged on a 
temperature control element such as a Peltier effect ele- 
ment, and a peripheral temperature of this semiconduc- 

50 tor laser diode Is changed. 

[0016] In the optical transmitter of the present 
invention, one of these projection light is not monitored, 
for example, the variation in the absolute value of the 
light level of the transmission light from the wavelength 

55 filter Is not monitored. Instead, the ratio of the transmis- 
sion light to the reflection light is monitored. As a result, 
assuming now that a change is produced in light power 
outputted from the semiconductor laser diode itself, a 
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light level of a summation of transmission light and 
reflection light is also calculated, and a wavelength con- 
trol operation is carried out in such a manner that this 
summation light level becomes constant. As a result, 
the output level of the semiconductor laser diode may 
also be stabilized at the same time. The output level of 
the semiconductor laser diode may be controlled by 
controlling, for instance, an injection current into an ele- 
ment. Furthermore, in connection with the above- 
described wavelength control operation, the following 
wavelength control method may be carried out. That is, 
a circuit controls the first temperature control element in 
such a manner that a difference between the transmis- 



sion light level and the reflection light level is divided by 
the summation light level and then the calculated differ- 
ence Is ruled to obtain a ruled level difference, and the 
ruled level difference is used to control the wavelength 
of the semiconductor laser diode. 
[0017] In order to stabilize the characteristic of the 
wavelength filter, the optical transmitter, according to 
the present invention, may be arranged by comprising: 
a second temperature control element for controlling a 
peripheral temperature of the wavelength filter; and a 
second temperature control circuit for controlling the 
second temperature control element in such a manner 
that the peripheral temperature of the wavelength filter 
becomes constant. 

[001 8] The above-explained optical waveguide path 
may be made of such an optical waveguide path formed 
on a board, or an optical fiber. Alternatively^ a tens may 
be arranged between the semiconductor laser diode 
and the wavelength filter, which converts the backward 
projection light into a collimated beam, so that a cou- 
pling efficiency of this backward projection light to the 
light receiving device may be increased. 
[0019] While a plurality of the above-explained opti- 
cal transmitters according to the present invention are 
provided in an optical transmission station, the respec- 
tive wavelengths of signal light are approximated to 
each other and are controlled with high precision, so 
that a wavelength multiplexing optical transmission 
apparatus can be formed. In other words, the wave- 
length multiplexing optical transmission apparatus, 
according to the present invention, is equipped with an 
optical transmission station; an optical reception station; 
and an optical transmission path for connecting the opti- 
cal transmission station to the optical reception station, 
which optically transmits a plurality of signal light having 
wavelengths different from each other between the opti- 
cal transmission station and the optical reception sta- 
tion. The above-explained optical transmission station 
corresponds to the optical transmitter of the present 
invention. The optical transmission station includes a 
plurality of optical transmitters of the present invention 
in which wavelengths of signal light outputted from the 
optical waveguide paths (optical fibers) are different 
from each other, and a wavelength division multiplexer 
for wavelength-multiplexing the signal light, and the opti- 



cal reception station includes an optical receiver for 
receiving the respective signal light. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

[0020] The above and other objects, features and 
advantages of the present invention will become more 
apparent from the following detailed description when 
taken in conjunction with the accompanying drawings 
10 wherein: 

Fig. 1 illustratively shows one structural example of 
the.conventional.opticaLtransmitter;. 



Fig. 2 illustratively represents an arrangement of an 
15 optical transmitter according to a first embodiment 

of the present invention; 

Figs. 3(A) to 3(C) graphically indicate a relationship 
among an oscillation wavelength of a semiconduc- 
tor laser diode, a light receiving amount, and an 

20 output of a calculating device; Fig. 3(A) graphically 
shows a wavelength characteristic of a wavelength 
filter; Fig.3(B) graphically indicates a relationship 
between a wavelength and a light receiving amount 
(optical level) detected by each of light receiving 

25 device; and Fig. 3(C) represents a relationship 
between a wavelength and an output of a' calculat- 
ing device; 

Fig. 4 schematically shows an arrangement of an 
optical transmitter according to a second embodi- 

30 ment of the present invention; 

Fig. 5 schematically represents an arrangement of 
a wavelength multiplexing optical transmission 
apparatus with employment of the optical transmit- 
ter, according to the present invention; and 

35 Fig. 6 schematically indicates a relationship 
between a wavelength of a wavelength filter and a 
polarized light dependent characteristic of an inci* 
dent light angle. 

40 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OVERVIEW 

[0021] Before describing an optical transmitter of 
the present Invention, a conventional optical amplifying 

45 apparatus will now be explained so as to readily under- 
stand the inventive idea of the present invention. 
[0022] Fig. 1 illustratively shows one structural 
example of the conventional optical transmitter. Fig. 1 is 
a diagram for indicating the arrangement of the conven- 

50 tlonal wavelength control apparatus for the semiconduc- 
tor laser diode, disclosed in the above-explained 
publication. This wavelength control apparatus is 
arranged by that the backward projection light of the 
semiconductor laser diode 26 is split into two beams of 

55 the transmission light and the reflection light by the 
beam splitter 28 provided at the backward position of 
this semiconductor laser diode 26, and both the trans- 
mission light and the reflection light are filtered by the 
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wavelength filters 29 and 30 whose transmission char- 
acteristics are opposite to isach other, and then the fil- 
tered transmission tight and the filtered reflection light 
are detected by the light receiving devices 31 and 32. 
[0023] The signals which are detected by the 
respective light receiving devices 31 and 32 and related 
to the light levels are processed by the control circuits 
33 and 34. Both the light output and the oscillation 
wavelength of the semiconductor laser diode 26 by the 
LD drive circuit 35 and the temperature control circuit 37 
are controlled based on the processed signals. In this 
conventional wavelength control apparatus, the oscilla- 
tion wavelen g th of the semiconducto r laser diodejs con^ 
trolled by changing the temperature of this 
semiconductor laser diode in order that the shift of the 
oscillation wavelength is corrected based upon the 
power difference of the light levels detected by the 
respective light receiving devices 31' and 32. With 
employment of the above-described arrangement, the 
oscillation wavelength of the semiconductor laser diode 
may be stabilized irrespective of the aging effect of this 
oscillation wavelength. 

[0024] However, there is a problem that since the 
beam splitter is employed, the laser light is newly polar- 
ized. Since the beam splitting ratio of this beam splitter 
itself is readily varied due to the temperature change, it 
is practically difficult to obtain such an ideal beam split- 
ter optical element capable of splitting an Incident light 
beam under stable condition at a predetermined light 
splitting ratio. Moreover, it is practically difficult to realize 
such a wavelength filter having a transmission charac- 
teristic with an Inverse gradient. 

FIRST OPTICAL TRANSMITTER/WAVELENGTH 
CONTROL METHOD 

[0025] Referring now to drawings, an optical trans- 
mitter and a wavelength control method, according to 
the present invention, will be described in detail. 
[0026] Fig. 2 is a schematic diagram for showing an 
arrangement of an optical transmitter according to a first 
embodiment mode of the present invention. As shown In 
Fig. 2, roughly speaking, the optical transmitter of this 
first embodiment mode is mainly arranged by a semi- 
conductor laser diode unit 1, a wavelength monitor unit 
2, and a semiconductor laser diode control unit 3. The 
semiconductor laser diode unit 1 is provided with a sem- 
iconductor laser diode 4, a lens 5 used to couple a light 
output of the semiconductor laser diode 4 to an optical 
fiber 9, a lens 6 used to condense backward light, a 
temperature control element 10 for controlling a temper- 
ature of the semiconductor laser diode 4, and also a 
temperature detecting element 7. 
[0027] The wavelength monitor unit 2 is provided 
vyith a wavelength filter 1 1 for subdividing by 2 the back- 
ward projection light from the sehiiconductor laser diode 
4 to thereby output transmission light and reflection 
light; and two light receiving devices 12 and 13, which 



receive the transmission light and the reflection light, 
respectively, so as to detect a light amount of received 
light (light level) . It should be understood that in this first 
embodiment, since the characteristics of the wave- 
5 length filter 1 1 Itself are made stabilized, a temperature 
detecting element 14, a temperature control element 
15, and also a temperature control circuit 16 are 
employed in order that the peripheral temperature of the 
wavelength filter 1 1 can be adjusted. 
10 [0028] The semiconductor laser diode control unit 3 
Is arranged by l-V converters 17/18 for l-V-convertIng a 
light detection current; a calculating device 19 for calcu- 
__lating_theJrV:LConverted llght.detectlon.current:_two.com- 
parators 20/21 for comparing calculation amounts with 
15 each other; an LD drive circuit 22 for controlling an 
Injection current injected into an LD (laser diode) based 
upon the compared amount; and a temperature control 
circuit 23 for controlling the temperature control element 
1 0 which controls the temperature of the semiconductor 
20 laser diode 4. The above-described calculating device 
19 is equipped with a summation light level calculating 
circuit, a calculating circuit, and the like. This summa- 
tion light level calculating circuit calculates a summation 
light level of both a transmission light level and a reflec- 
ts tion light level (will be discussed later) . The calculating 
circuit calculates a ratio of a transmission light level to a 
/--reflection light level, or a difference between the trans- 
mission light level and the reflection light level. 
[0029] In the semiconductor laser diode 4. both for- 
do ward projection light and backward projection light are 
projected from both edge surfaces thereof. The fonward 
projection light Is converted into colllmated light by the 
lens 5. and then this colllmated light is coupled to the 
optical fiber 9 by an optical isolator 8. The backward 
35 projection light is converted into colllmated light by the 
lens 6, and then the colllmated light Is entered into the 
wavelength filter 11 . It should also be noted that as the 
lens 6 used to condense the backward light, an aspher- 
ical lens is employed as a best lens means. Alterna- 
40 tively, a spherical lens and a cylindrical lens may be 
employed. Also, a direct coupling structure without 
using such a lens may be employed. In this first embod- 
iment mode, the fonward projection light of the semicon- 
ductor laser diode 4 is entered into the optical fiber 9, 
45 but may be entered into an optical waveguide path 
formed on a board (not shown in detail). Furthermore, in 
this first embodiment mode, the optical isolator 8 is 
arranged between the lens 5 and the optical fiber 9 in 
order to avoid such a condition that the light returned 
50 from the optical fiber 9 js recombined with the semicon- 
ductor laser diode 4. 

BASIC CONTROL IDEA OF LIGHT OUTPUT 
LEVEiyOSCILLA TION WAVELENGTH 

55. 

[0030] Next, a description will now be made of a 
basic control idea about controlling of a light output level 
and an oscillation wavelength in the optical transmitter 
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of the present invention. 

[0031] In the above-described arrangement, the 
backward projection jight of the semiconductor laser 
diode 4 is subdivided by 2 into the transmission light 
and the reflection light by using the wavelength filter 1 1 s 
located at the backward position of the semiconductor 
laser diode 4. In this case, the wavelength filter 1 1 owns 
such a filtering characteristic that a central wavelength 
of the original oscillation wavelength of the semiconduc- 
tor laser diode 4 is located within such a wavelength id 
range that a transmission wavelength band is trans- 
ferred to a reflection wavelength band, or conversely the 
reflectio n wavelength band is transferred to the trans- 
mission wavelength band. For instance, since the fol- 
lowing band-pass filter is employed, the function and the is 
effect of the present invention can be achieved. That is, 
this band-pass filter may have such a wavelength char- 
acteristic that when the central wavelength of the oscil- 
lation wavelength of the semiconductor laser diode 4 is 
equal to 1,550 nm, this band-pass filter owns a reflec- 20 
tion (blocking) band of a wavewidth equaj to a wave- 
length range and shorter than 1 ,550 nm; incident light is 
perpetrated in a wavelength range other than this short 
wavelength range; this band-pass filter owns a range 
where a reflection band is transferred to a transmission 25 
band in the vicinity of 1 ,550 nm; and this band-pass filter 
has such a wavelength characteristic that transmittance 
isTiearly equal to 50 % in the wavelength of 1 ,550 nm. 
Such a wavelength characteristic of the wavelength filter 
is represented in Fig. 3(A). 3o 
[0032] The above-described wavelength filter owns 
the wavelength characteristic in such a manner that the 
oscillation wavelength is contained in the transition 
range from the reflection band to the transmission band. 
Alternatively, this wavelength filter may have a wave- 35 
length characteristic in such a manner that the oscilla- 
tion wavelength is conversely contained in the transition 
range from the transmission band to the reflection band. 
Furthermore, if a device owns the above-explained fil- 
tering characteristics, then not only the band-pass filter. 40 
but also a short-wave-pass filter as well as a long-wave- 
pass filter may be employed. This filtering characteristic 
implies that the central wavelength of the original oscil- 
lation wavelength of the semiconductor laser diode 4 is 
located within such a wavelength range that the trans- 45 
mission wavelength band is transferred to the reflection 
wavelength band, or the reflection wavelength band is 
transferred to the transmission wavelength band. 
[0033] Returning back to Fig. 2, both the transmis- 
sion light and the reflection light subdivided by the so 
wavelength filter 1 1 are received by the two light receiv- 
ing devices 12 and 13, respectively to be converted into 
current signals, so that both a transmission light level 
and a reflection light are detected. These current sig- 
nals are further converted into voltage by the l-V con- ss 
verters 1 7 and 1 8. These converted voltage signals are 
used in order to control the light output level of the for- 
ward projection light and the wavelength thereof. First of 



all, a summation of the transmission light level and the 
reflection light level is calculated by the summation light 
level calculating circuit provided in the calculating 
device 19. The calculated result, namely a summation 
light level is compared with a reference voltage by a 
comparator 20, so that an injection amount of an injec- 
tion current into the semiconductor laser diode* 4 is con- 
trolled by the LD drive circuit 22 in such a manner that 
an error signal with respect to the reference voltage 
becomes zero. As a result, the semiconductor laser 
diode 4 can be controlled by the LD drive circuit 22 in 
such a way that the light level oif the projection light from 
the semiconductor laser diode 4 can become constant. 
[0034] On the other hand, a ratio of a transmission 
light level to a reflection light level is calculated by such 
a circuit capable of calculating a ratio of transmission 
light to reflection light, which is contained in the calculat- 
ing device 19. Then, this calculated radio is compared 
with a predetermined reference- ratio by the comparator 
21 . The wavelength of the laser light emitted from the 
semiconductor laser diode 4 is controlled by controlling 
the temperature of the semiconductor laser diode. The 
temperature of the semiconductor laser diode is control- 
led by way of the temperature control circuit 23 in such 
a manner that the calculated ratio can become a prede- 
termined relationship. The above-explain wavelength 
control operation is carried out based upon the ratio of 
the ti-ansmission light level to the reflection light level as 
the control parameter. Alternatively, this wavelength* 
control operation may be carried out based upon a sim- 
ply obtained difference value. Furthermore, the wave- 
length of the semiconductor laser diode 4 may be 
controlled based on such a data that the above-calcu- 
lated difference is divided by the previously calculated 
summation light level to obtain such a ruled data. When 
the light output level of the semiconductor laser diode 4 
is constant, any of the above-explained control arrange- 
ments may be employed. When this light output level is 
changed, if the wavelength of the semiconductor laser 
diode.4 is controlled based on the above ruled data, a 
more proper wavelength control may be carried out. 

DETAILED WAVELENGTH CONTROL OPERATION 

[0035] Subsequently, the contents of the wave- 
length control operation will now be explained more in 
detail. In this case, the following wavelength control 
method is explained. That is, both a summation and a 
subtraction as to a transmission light level and a reflec- 
tion light level are calculated. The difference is divided 
by the summation light level and then is ruled. Then, the 
wavelength is controlled based upon this ruled value. 
For example, this wavelength control operation is car- 
ried out in such an assumption that while using the 
band-pass filter having the wavelength characteristic as 
indicated in Fig. 3 (A), the dividing ratios by the wave- 
length filter in desirable oscillation wavelengths are 
equal to each other. Fig. 3(B) represents received light 
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" amount (light level) characteristics in the light receiving 
s devices 12 and 13 in such a case that this wavelength 
filter Is employed. 

[0036] When received light amounts of the light 
receiving devices 12 and 13 are assumed as "Pr and 
"P2", respectively, these P1 and P2 may be expressed 
as follows: 

PI = F • P • S, and 

P2=(i . F) • p • s; 

. ' '* • r 

where-symbol^P^shows a^reflectlvity^of the wavelength 
filter, symbol "P" represents a reflection amount at a 
wavelength "A,", and symbol "S" Indicates a sensitivity of 
the light receiving device. 

[0037] A summation component "A" and a differ- 
ence component "B" of two received light anibunts are 
expressed as follows: 

A = P1,+ P2 = P f S, and 

B=P1 -P2 = (2F- 1) • P • S. 

Based upon the above-explained formulae^ the ratio of 
A to B is given as follows: 

. B/A = 2F-1. 

[0038] While the above-explained process opera- 
tion Is executed in the calculating device 19, the injec- 
tion current Into the semiconductor laser diode 4 is 
controlled by the LD drive circuit 22 In such a manner 
that the summation component "A" becomes equal to 
the reference voltage of the comparator 20, so that the 
light output can be made constant. 
[0039] In this case, an example of this B/A charac- 
teristic is Indicated In Fig. 3(C). The wavelength of the 
sertilconductpr laser diode 4 can be set under stable 
condition by way of the temperature control circuit 23 In 
such a manner that an error signal becomes equal to 
zero. This error signal Is defined between the B/A value 
and a reference voltage for a wavelength within the 
comparator at which the B/A value is wanted to be 
locked! Fig. 3(C). represents a relationship in the case 
that the reference voltage.ls equal to zero. As previously 
explained, while avoiding such an adverse Influence 
caused by variations in light outputs with respect to the 
psclllatidn wavelength, the variations of the semicon- 
ductor laser diode 4 can be suppressed. 
[0040] In accordance with this first embodiment 
mode, In the wavelength monitor unit 2, since the trans- 
mission characteristic of the wavelength filter 1 1 owns 
the temperature dependent characteristic, the tempera- 
ture detecting element 14 detects the terriperature, and 
the temperature control circuit 16 performs the temper- 
ature control operation of the temperatui'e control ele- 
ment 15 In such a manner that the temperature 



becomes constant. In particular, in the case; that the 
wavelength of the semiconductor laser diode 4 is ' 
required to be stabilized in high precision, the tempera? 
ture control element 15 is furthermore arranged at a 

5 ^ portion of the wavelength filter 1 1 having the tempera- 
ture dependent characteristic, and then the temperature 
Is detected by the temperature detecting element 14. 
The temperature control element 15 Is driven via the 
temperature control circuit 1 6 so as to keep the temper- 

10 ature of this wavelength filter 1 1 constant, and thereforie, 
the wavelength filter characteristic caused by the tem- 
perature variation can be stabilized. 
^[0041]^.^ln accordance with-the present-invention. as 
previously explained, the backward projection light of 

15 the semiconductor laser dipde 4 is subdivided into two 
beams of laser light (namely, transmission light and 
reflection light) by the wavelength filter 11. Since the 
projection light of the semiconductor laser diode 4 is 
propagated as a single pplarlzed wave, this single polar- 

20 ized wave Is featured by that this single polarized wave 
can be hardly influenced by the angle restriction of the 
wavelength filter 1 1 . In other words, as to the angle of 
the wavelength filter 11 with respect to the incident light, 

. there is no problem with respect to the incident angle 

25 dependent characteristic by the polarized wave as 
shown in Fig. 6, because the backward light to be • 
entered Is propagated by way of the single polarized ■ 
wave. That is to say, both the position of the wavelength 
filter 1 1 and the position of the light receiving device 12 

30 can be freely changed. As a result, the wavelength mon- 
itor portion can be made compact. In the case that a 
wavelength multiplexing communication is conceived, 
when a large number of optical transmission modules 
are required, such a compact wavelength monitor por- 

35 tibn may have a great rnerit in view of a space. 

[0042] Both the transmission characteristic and the 

/ reflection characteristic may be changed by changing 
the angle of the wavelength filter 1 1 . As a consequence, 
such a cumbersome operation for preparing the differ- 
ed . ent wavelength filters every optical transmission mod- 
ules can be avoided by mounting the wavelength filter 
1 1, while changing the setting angle of this wavelength 
filter 1 1, so that a total amount of these prepared wave- 
length filters can be suppressed. Furthermore, since the 

45 beam spHtter 28 is no longer required, as compared with 
. .the structure of. the. .conventional. opticaL transmitter 
shown in Fig. 1 , the present invention is featured by that 
the optical transmission module can be made compact. 



[0043] Next, an optical transmitter according to a 
second embodiment mode of the present invention will 
55 now be described. 

[0044] /Vs previously described, in the optica! trans- 
mitter of the first embodiment mode, in order to stabilize 
the light. output from the semiconductor laser diode 4. 
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the light amounts detected by two light receiving 
devices 12 and 13 are processed by the calculating 
device 19, and then the processed light amounts are 
compared by the comparator 20. The LD drive circuit 22 
is driven by this comparison result so as to control the 5 
semiconductor laser diode 4. In contrast thereto, in the 
optical transmitter according to this second embodi- 
ment, a light output of the semiconductor laser diode 4 
is controlled to become constant based upon a compar- 
ison value obtained from a light detection value of one 
light receiving device 13 and a reference voltage of the 
comparator 20. 

[0045]--^FIg.-4-is-a.schematlc-dlagram-for-showing an- 
arrangement of an optical transmitter according to the 
second embodiment mode of the present Invention. It 
should be understood that a basic idea about an oscilla- 
tion wavelength control operation of the semiconductor 
laser diode 4, and another basic idea about a tempera- 
ture control operation of a vyavelength monitor unit, 
employed in the optical transmitter of the second 
embodiment shown in Fig. 4, are similar to those of the 
first embodiment mode. In this second embodiment 
mode, backward light which has passed through a 
wavelength filter 1 1 is entered Into both a light receiving 
device 12 and another light receiving device 13. A cur- 
rent detected by the light receiving device 13 is con- 
verted into a voltage by an l-V converter, and then an 
error signal obtained between the converted voltage 
and a reference voltage of a comparator 20 is fed back 
to an LD control circuit 22 in such a manner that this 
error signal becomes zero. As a result, a light output 
level of the semiconductor laser diode 4 is controlled. As 
a consequence, in accordance with this second embod- 
iment mode, not only no calculating device 19 is used 
so as to stabilize the light output of the semiconductor 
laser diode 4, but also the signal detected by the light 
receiving device 13 is no longer divided, so that there is 
an advantage that a total number of structural compo- 
nents can be reduced. 

WAVELENQTH MULTIPLEXINQ QPTICAU TRANS- 
MISSION APPARATUS 

[0046] Next, a description will now be made of a 
wavelength multiplexing optical transmission apparatus 
with employment of the optical transmitter according to 
the present invention. 

[0047] As previously explained, in accordance with 
the optical transmitter of the present Invention, the oscil- 
lation wavelength of the semiconductor laser diode can 
be set and controlled in high precision. As a result, since 
a plurality of optical transmitters according to the 
present invention'^are provided with an optical transmis- 
sion station, the wavelengths of the signal light of each 
wavelength are located close to each other and are con- 
trolled in high precision, so that a wavelength multiplex- 
ing optical transmission apparatus can be arranged. 
[0048] Fig. 5 |s a block diagram for representing ah 



arrangement of a wavelength multiplexing optical trans- 
mission apparatus with employment of the optica! trans- 
mitter, according to the present invention. The 
wavelength multiplexing optical transmission apparatus 
of the present Invention is provided with an optical trans- 
mission station 100, an optical reception station 200, 
and ah optical transhfiisslon path 300. The optical trans- 
mission path 300 is used to connect the optical trans- 
mission station 100 to the optical reception station 200. 
This wavelength multiplexing optical transmission appa- 
ratus optically transmits a plurality of signal light having 
wavelengths different from each other between the opti- 
_caLtransmisslon_stationJ.OO_andJhe_optical reception 
station 200. Then, the optical transmission station 100 
Is equipped with a plurality of optical transmitters 101, 
and a wavelength division multiplexer 110 for wave- 
length-multiplexing signal light. The optical transmitter 
101 corresponds to the above-explained optical trans- 
mitter of the present invention. This optical transmitter 
101 outputs such signal light from an optical waveguide 
(optical fiber), the wavelengths of which are different 
from each other. The optical reception station 200 is 
equipped with an optical demultiplexer 210 for demulti- 
plexing the received wavelength-multiplexed signal 
light, and ah optical receiver 201 for receiving each of 
the demultiplexed signal light. 

[0049] In accordance with the optical transmitter of 
the present invention, since the oscillation wavelength 
of the semiconductor laser diode can be set in high pre- 
cision and also can be controlled, even when more than 
100 beams of signal light are wavelength-multiplexed 
while the oscillation wavelength of the semiconductor 
laser diode are located, for instance, in a proximate 
interval from 1 pm to 100 pm in a wavelength range of 
1,550 nm, this optical transmitter can perform the opti- 
cal transmission understate condition. 
[0050] As previously described in detail, in the opti- 
cal transmitter according to the present invention, the 
backward projection light of the semiconductor laser 
diode Is subdivided by 2 by the wavelength filter con- 
taining the oscillation wavelength of the semiconductor 
laser in the wavelength band in which the transmission 
wavelength band is transferred to the reflection wave- 
length band. Thereafter, both the transmission light and 
the reflection light, which are subdivided from the back- 
ward projection light, are received, respectively, so as to 
detect the light levels of both the transmission light and 
the reflection light. Either the ratio or the difference 
between the transmission light and the reflection light is 
calculated based upon these transmission light level 
and reflection light level. While the calculated ratio, or 
difference is compared with the reference value, the 
oscillation wavelength of the semiconductor laser diode 
Is controlled in such a manner that the compared value 
can be made constant. As a result, the oscillation wave^ 
length of the semiconductor laser is controlled without 
using the fonward projection light and the beam splitter, 
so that the oscillation wavelength can be stabilized. 
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a first temperature control element for control- 
ling a peripheral temperature of said semicon- 
ductor laser diode; and 

a first temperature control circuit for controlling 
5 said first temperature control element in such a 

manner that the ratio of the transmission light 
level to the reflection light level becomes equal 
to a predetermined reference ratio. 

10 4. An optical transmitter as claimed in claim 1 or 2, 
wherein 

said wavelength control circuit includes: 



[0051] Also, in the optical transmitter of the present 
invention, the summation of the transmission light level 
and the reflection light level is also calculated, and also 
the injection current to the semiconductor laser diode is 
controlled. As a consequence, both the light output level 
and the wavelength can be controlled. 
[0052] While this invention has been described in 
connection with certain preferred embodiments, it is to 
be understood that the subject matter encompassed by 
way of this invention is not to be limited to those specific 
embodiments. On the contrary, it Is intended for the sub- 
ject matter of the invention to Include all alternative, 
modification and equivalents as can-be Included-wlthin- 
the spirit and scope of the following claims. 

Claims 

1 . A optical transmitter comprising: 

a semiconductor laser diode; 

an optical waveguide path into which forward 
projection light of said semiconductor laser 
diode is entered; 

a wavelength filter containing an oscillation 
wavelength of said semiconductor laser diode 
in a wavelength band where a transmission 
wavelength band Is transferred to a reflection 
wavelength band and vice versa, for causing a 
portion of backward projection light of said 
semiconductor laser diode to pass there- 
through to output transmission light, and for 
reflecting the remaining light of the backward 
projection light to output reflection light; 
a first light receiving device for detecting the 
light level of the transmission light to output a 
transmission light level; 

a second light receiving device for detecting the 
light level of the reflection light to output a 
reflection light level; and 
a wavelength control circuit for controlling the 
oscillation wavelength of said semiconductor 
laser diode based upon the transmission light 
level and the reflection light level. 

2. An optical transmitter as claimed In claim 1 , further 
comprising: 

a summation light level calculating circuit for 
calculating the summation of the transmission 
light level and the reflection light level; and 
a projection light control circuit for controlling 
the light level of said fonward projection light 
based upon the summation light level. 

3. An optical transmitter as claimed in claim 1 or 2, 
wherein 

said wavelength control circuit includes: 



a first temperature control element for control- 
75 ling a peripheral temperature of said semicon- 

ductor laser diode; and 

a first temperature control circuit for controlling 
said first temperature control element In such a 
manner that the difference between the trahs- 
20 mission light level and the reflection light level 

becomes equal to a predetermined reference 
value. 

5. An optical transmitter as claimed in claim 1 or 2, 
25 wherein 

said wavelength control circuit includes: 

a first temperature control element for control- 
. ling a peripheral temperature of said semicon- 
30 ductor laser diode; and 

a first temperature control circuit for controlling 
said first temperature control element in such a 
manner that the difference between the trans- 
mission light level and the reflection light level 
35 is divided by the sumrnation light level and then 

the divided difference is ruled to obtain a ruled 
level difference, and the ruled level difference is 
made equal to a predetermined reference 
value. 

40 

6. An optical transmitter as claimed in claim 5, further 
comprising an injection current control circuit for 
controlling an injection current to said semiconduc- 
tor laser diode so as to control the projection light 

45 level, 

7. An optical transmitter as claimed in claim 1 or 2, fur- 
ther comprising: 

50 a second temperature control element for con- 

trolling a peripheral temperature of said wave- 
length filter; and 

a second temperature control circuit for control- 
ling said second temperature control element 
55 in such a manner that the peripheral tempera- 

ture of said wavelength filter becomes con- 
stant. 
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8. An optical transmitter as ctaimed in claim 1 or 2, 
wherein 

said optical waveguide path is an optical 

fiber. 

9. An optical transmitter as ciaimed in claim 1 or 2, fur- 
ther comprising: . 



a lens arranged between said semiconductor 
laser diode and said wavelength filter, for con- io 
verting the backward projection light into a col- 
limated beam. 



10. A wavelength multiplexing optical transmission 
apparatus comprising: an optical transmission sta-^ is 
tion; an optical reception station; and an optical 
transmission path for connecting said optical trans- 
mission station to said optical reception station, for 
optically transmitting a plurality of signal light hav- 
ing wavelengths different from each other between 20 
said optical transmission station and said optical 
. reception station, wherein 

said optical transmission station includes: 

the optical transmitter as recited in claim 1 or 2; 25. 
a plurality of optical transmitters in which wave- 
lengths of signal light outputted from said opti- 
cal waveguide paths are different from each 
• other; and 

a wavelength division multiplexer for wave-^ 30 
length multiplexing said signal light, and 
wherein 

said optical reception station includes 

an optical receiver for receiyirig the respective 

signal light. 35 
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